Effective neutralization of chemical biocide is the first step in the accurate evaluation of antiseptics and disinfectants to avoid overestimation of the biocide activity. The aim of this study is to screen novel neutralizers (or neutralizer combinations) against different antiseptics and disinfectants that are highly used in the principle vaccine production facility in Egypt. Neutralizer efficacy (NE) ratios were determined by comparing the recovery of the challenging index microorganisms from the neutralizing solution in the presence, or the absence, of the biocide. Neutralizer toxicity (NT) ratios were determined by comparing the recovery of viable microorganisms in the neutralizer exposed population and the viability population. An effective and non-toxic neutralizer was initially identified by NE and NT ratios of ≥ 0.75 (75% recovery). The most potent neutralizers were 1% physiological peptone water, 0.1 % Tween 80 in 1% physiological peptone, 0.6% sodium thiosulphate and Dey-Engley. Due to the absence of a universal neutralizer, the evaluation of NE and toxicity is an essential step in testing any new biocide. The evaluation of neutralizer activity should be carried out separately for each index microorganism and neutralizer pair to identify the most potent compound in each case.
INTRODUCTION
The appropriate use of effective antiseptics and disinfectants is crucial to prevent transmission of pathogenic bacteria or viruses carried in the air, on the ground or on the hands of workers in clean rooms and aseptic areas, common in vaccine development facilities and hospitals (Murtough et al., 2002; Kampfa et al., 2003) . Antiseptics are chemical agents that inhibit or kill microbial growth and are non-toxic when applied to living tissues; they are used for antisepsis of skin, mucous membranes as well as wounds (Kramer, 2000) . Disinfectants are chemical and/or physical agents used to destroy or irreversibly inactivate many or all of the pathogenic microorganisms but not necessarily spores *Corresponding author. E-mail: aymen.yassin@live.com and not all viruses on inanimate objects (Madigan et al.,2002) . Sometimes, the same compound is used as antiseptic in low concentration and disinfectant in high concentration. Traditional agents, such as alcohols, quaternary ammonium compounds (QAC), phenol and amphoteric surfactants are effective against bacteria in their vegetative state but useless against spores (Rutala and Weber, 1998) . Biocides that have sporocidal activity include aldehydes, hypochlorites and hydrogen peroxide (Rutala and Weber, 1997) . When disinfectants and antiseptics are used; more than one type should be employed to avoid the development of resistant bacterial strains (Gorman and Scott, 2004) . Effective neutralization of a chemical biocide is critically important to the quality of the data derived from any assay of biocidal efficacy to avoid carry-over of active biocide to the recovery media, which, in turn, may result in biostasis of the organism, this biostasis would in turn lead to an overestimation of the biocide's efficacy (Russell, 1998) . Neutralization is intended to prevent the inhibitory concentration of antimicrobial agent from being transferred to the recovery medium which is essential for the biocidal assay. Neutralization can be achieved by several methods: diluting the biocide to such a level that it ceases to have any inhibitory effect in the recovery medium, chemically neutralizing the biocide by means of an appropriate neutralizing agent (antidote) that is itself non-toxic, effective and fast acting or removing the biocide by membrane filtration (Russel, 1998; Sutton et al, 2002) .
Consequently, the experimental design used to establish the efficacy of biocide neutralization has a major impact on the estimation of antimicrobial efficacy (Sutton et al., 1991) . Many references have been made to the lack of "universal neutralizer"; therefore, the quality and properties of the recovery medium are of critical importance to the test (Espigares et al., 2003) . The neutralizing /recovery medium must possess two properties. First, it must adequately neutralize the disinfecting agent to allow unrestrained microbial growth; this is known as the neutralizing efficacy (NE) of the medium. NE is determined by comparing growth supported by the neutralizing media in the presence and the absence of the specified amounts of the disinfectant solutions. The ability of the neutralizing medium to promote growth is a second important consideration termed neutralizer toxicity (NT), which is determined by comparing growth in the neutralizing medium without the disinfectant with growth in a rich medium [Tryptone Soy Agar (TSA) or Sabouraud Dextrose Agar (SDA)]. An effective and non-toxic neutralizer is initially identified by NE and NT ratios of ≥ 0.75 (75 %) (Sutton et al., 2002) . The US pharmacopeia recommends the application of the neutralization assays against four indicator microorganisms: Staphylococcus aureus, Pseudomonas aeruginosa, Aspergillus brasiliensis (previously Aspergillus niger) and Bacillus subtilis. In a previous study carried out by the same authors in the same facility, the Staphylococci represented the most common isolate that was detected from an environmental monitoring programme with Staphylococcus hominis representing 51% of all Staphylococcci isolates (Sheraba et al., 2010) .
Given the absence of a universal neutralizer, and as a part of a general environmental monitoring program, the goal of this study is to evaluate the efficacy and toxicity of different neutralizing solutions for use in antiseptic and disinfectant efficacy assays applied at the main vaccine production facility in Egypt, against the most common index microorganisms in addition to the most common environmental isolate identified.
METHODOLOGY
A list of all disinfectants and antiseptics used with their composition and dilutions is shown in Table 1 . A list of all neutralizers tested with their exact composition is shown in Table 2 . All culture media were from Bacto, France.
Bacterial and fungal strains
S. aureus ATCC 6538, P. aeruginosa ATCC 9027, A. niger ATCC 16404 and B. subtilis ATCC 6633 were selected as index organisms representing Gram-positive and Gram-negative bacteria, fungi, and spore forming bacteria respectively. S. hominis isolated from an environmental monitoring program previously carried out in the same facility was also used in the tests.
Preparation of working cultures of bacterial, fungal and spore suspension
According to European standard EN 12353 (Jette et al., 1995) , test organisms were subcultured from the stock culture by streaking into TSA and incubated at 36°C for bacteria or into SDA and i ncubated at 20 to 25°C for fungi (in the case of Aspergillus). After 24 h, a second subculture was prepared from the first one in the same way and incubated again. The test organisms of the second subculture were washed off with 10 ml of a diluent containing 0.1% (w/v) tryptone and 0.85 % (w/v) sodium chloride; samples were washed twice with phosphate buffer saline (PBS) and adjusted to approximately 100 to 115 colony forming unit (CFU)/ml. For A. niger, a subculture was grown on SDA and incubated at 20 to 25°C for 7 to 14 days then mycelial mats were harvested from the agar surface of the working culture, homogenized with sterile glass beads in 1% physiological peptone and filtered through sterile cotton gauze to remove hyphae then suspended in 1% physiological peptone with 0.1% Tween 80. Samples were washed twice with PBS and then standardized to approximately 100 to 115 CFU /ml. Spore cultures were developed for a period of 3 to 8 weeks in a sporulation medium (Peptone: 15g/L, yeast extract: 3 g/L, NaCl: 6.0 g/L, D (+)-glucose: 1.0 g/L, Manganese sulphate: 0.1 g/L) at 37°C then they were harvested, centrifuged (4 times at 1935×g/ 30 min), heat-shocked 80°C/10 min and samples were washed twice in PBS and then standardized to approximately 100 to 115 CFU/ml.
Quantitative method to evaluate neutralizer efficiency and toxicity
This method was achieved as previously described by Sutton et al. (1991 Sutton et al. ( , 2002 , Espigares et al. (2003) and follows three treatment populations for comparison. One (1) ml of each of the biocide or PBS solution was added to tubes containing 9 ml of neutralizing broth. These tubes represented the "neutralizer and biocide" and "neutralizer exposed" populations, respectively. These suspensions were then incubated for 10 min at room temperature. A third tube, containing 10 ml PBS, was prepared and served as the viability control. Each of these solutions was inoculated to a final concentration of ~100 CFU/ml. Each inoculated suspension was incubated for an additional 10 min at room temperature. Recovery of all organisms was performed by plating 0.1 ml on TSA supplemented with 0.5% glucose TSAG and incubating at 30 to 35°C for 3 days for bacteria and on SDA at 20 to 25°C for 7 days for fungi. All plates were examined for recovery of CFUs, and the populations analyzed are also described. The neutralizer efficacy (NE) and toxicity of the entire test was determined using all organisms of the test, where NE was estimated by comparing the recovery of the challenge organisms in the neutralizer exposed population and the neutralizer with biocide population, while, NT was estimated by comparing the recovery of the specific challenge organism in the neutralizer exposed population and the viability population. Acceptable NE and NT ratios are defined as ≥ 0.75 (75% recovery) (Sutton et al., 2002) . All antiseptics and disinfectants were used at their highest available concentrations in the market to ensure that the neutralization achieved is applicable at any equal or lesser concentration.
RESULTS
All experiments were performed for all biocides shown in Table 1 , in use concentration with all neutralizing solutions shown in Table 2 , for each index microorganism but data shown is for only ≥75% recovery in the presumptive test for both the NE and NT comparisons. Each test was repeated three times and the average result was calculated and used for evaluation (Tables 3 to  7) . Generally, all neutralizers examined showed some degree of effectiveness as neutralizing agents and no detectable toxicity. Physiological peptone water (1%) was a suitable neutralizer for alcohol, AHD 2000, Hospidermin, Sanigel, Sanipine and Sanismell for all challenge organisms except B. subtilis. However, 0.1% Tween 80 in 1% physiological peptone was the most effective neutralizer to Sanipine and Sanismell when the challenge organism was B. subtilis. Sodium thiosulphate (0.6%) was the most effective neutralizer to Clorox against all challenge organisms. It was also the most efficient neutralizer to Trichlorol against all organisms except P. aeruginosa and B. subtilis. Instead, Dey-Engley was the neutralizer of choice to Trichlorol against P. aeruginosa and B. subtilis. Dey-Engley was also the neutralizer of choice to Lysoformin 3000 for all challenge organisms. PBS was the effective neutralizer to hydrogen peroxide against all challenge organisms. S. hominis showed nearly the same results as S. aureus ATCC 6538 (Index microorganism for Gram-positive bacteria) which revealed that there is no resistant approach for environmental isolates (Table 7) . Consequently, no neutralizing broth was suitable for all organisms and biocides. It is important, therefore, to determine NT and NE separately for each index organism and neutralizer combination.
DISCUSSION
This study is a part of an environmental monitoring program aimed at identification of the most common environmental isolates present in the main vaccine production facility to be followed by the most appropriate corrective plane. The proper use of disinfectant and antiseptics and evaluating their biocidal activity is the first step in the correction program as stated in USP 34 <1172>. Choice of an ideal neutralizer is not always a trivial task due to the lack of a "universal neutralizer". Many substances like organic matter, QAC, surface active agents and heavy metals can interfere with the activity of antimicrobial agents like antiseptics and disinfectants. Such interference is of great importance to be taken into consideration when evaluating the antimicrobial activity and efficacy. A neutralizer is usually a mixture of interfering substances to which the antiseptic or disinfectant is sensitive. In the present study, Lysoformin 3000 showed to be the 
